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Introduction
As a transitional economies, China's long-term extensive economic growth mode has resulted in serious air pollution. Environmental cost of economic development continue to rise, even more, causing more discussion, such as the "demographic dividend". Many economists attribute the high-speed growth of Chinese economy since the reform and opening up to the release of the "demographic dividend". But environmental degradation could accelerate the subsidence of "demographic dividend". The world health organization (WHO) report the average concentrations of PM2.5 in 2973 cities arranged from high to low. There are 30 cities in China at the top one hundred cities 1 . China's road transport sector is found to be one of the major emitters, and responsible for serious air pollution and huge residents' health losses ( He and Chen, 2013; Chen and He, 2014 ), especially in urban areas ( Hao and Wang, 2005; Guo et al., 2010 ) . Since the year of 1978 when Chinese central government began to promote its momentous economic reforms, China has been keeping a miraculously high speed of economic growth. At same time, people's living standards have been significantly improved, with the urbanization level increasing from 17.92 percent in 1978 to 54.77 percent in 2014. What's more, the China's road transport sector has enormous growth in the road transport infrastructure investment, road mileage and stock of vehicles. In particular, the last decade has witnessed a dramatic increase of the ownership of private vehicles.
All of this cause the rapidly growing road transport demand of the Chinese residents. As one of the main sectors of the economy, road transport has a significant impact on the economic development of the country. The increase in the development of transport and transport infrastructure itself definitely develops the economic potential of the country, strengthens its economic, social cohesion and economic competitiveness. Road transport, as the carrier of production, distribution, exchange and consumption, is an important factor in the economic development. In addition, it offers great convenience for people's travel.
However, the rise of transport demand brings huge negative externalities and social and economic costs. Automobile exhaust contains a lot of toxic and harmful gas. It is easier for the people living in urban where high concentrations of people live and a huge number of cars drive, to breathe heavy traffic fumes. Automobile exhaust poses a great threat to human health, and even lead to death. In addition, the automobile exhaust can aggravate the greenhouse effect, causing tremendous environmental pressure. Rising traffic demand will drive the fuel demand rising, while China is a country with a shortage of oil, and high external dependency (More than 60% of the oil needed will rely on foreign supplies). This not only brings the burden to the national economy, but also, to a certain extent, affects the energy security of China.
At present, the problem of transportation-related pollution is increasingly more serious in China. In 2015, the vehicle population reached 279 million, producing 30% of national nitrogen oxide emissions. The road transport sector has become an important source of air pollution in China and is an important reason causing haze and photochemical smog pollution. Especially, in large cities such as Beijing and Shanghai and the eastern densely populated areas, the contribution of vehicles to fine particulate matter concentration reached about 30%, in extreme adverse weather conditions, the contribution will even reach more than 50%
2 . Also, due to the motor vehicle driving in densely populated areas, emissions directly threaten people's health. One hundred million new motor vehicles are estimated in China for the next five years. As a result, there will be new car gasoline and diesel consumption by 100 million to 150 million tons, which will bring enormous pressure to the atmospheric environment and energy security. Given the significance of decreasing Chinese transportation-related fuel consumption and harmful gas emissions, it is especially important to investigate the demand for road transport in China One important parameter for determining the consequences of transport demand shocks for the macroeconomy, air pollution and residents' health is the elasticity of the demand for transport. If the demand for transport is very inelastic (so that when the price or expenditure increases by a certain percentage, the quantity demand decreases by a much smaller percentage), transport price or expenditure changes will have significant effects on the level of economic activity through their effect on consumption. For example, sharp increases in transport price will significantly reduce disposable income, causing consumers to curb expenditures across consumption categories. Moreover, higher transport prices saddle businesses with higher transportation coats, causing them to pass them on to their customers in the form of higher product prices.
Since the middle of 1950s, empirical research has focused on the demand system that is consistent with the requirements of the neoclassical theory. Before the emergence of linear expenditure system model ( Stone, 1954a, b ) , the demand analysis mainly focused on the single equation estimation, and, with little attention to the consistency of the basic theory. Stone developed a complete demand system that is consistent with the neoclassical theory, and use the data from the United Kingdom to merge consumer goods into a manageable components, so as to achieve the system model estimation.
Due to the consumer preferences additivity hypothesis, namely marginal utility from a commodity is independent to the marginal utility from other commodities, the system model of Stone limits properties of the correlation between commodities. As a result, all the goods are substitutes for each other. This may be too simplistic and idealized. Strotz (1957) expands the idea of complete expenditures and use it for a multi-level system, making the feasibility of the estimation of the demand system model from the theory to the economic metrology. In addition, the demand system model can also test the assumptions of the demand theory. Barten (1969) , Byron (1970a, b) and Deaton (1978) all discussed the theoretical test methods in details. During the last thirty years it has become standard to use flexible functional forms for empirical consumer demand analyses, such as the Rotterdam, AIDS, QUAIDS, translog and Minflex Laurent model. Iootty et al.(2009) The usefulness of flexible functional forms, However, depends on whether they satisfy the theoretical regularity. In this regard, as Barnett (2002) put it, without satisfaction theoretical regularity conditions, the second-order conditions for optimizing behavior fail, and duality theory fails. The resulting first-order conditions, demand functions, and supply functions become invalid.' However, in the literature there has been a tendency (see Table 1 ) to ignore or not to report theoretical regularity, which makes the result of parameter and elasticities estimation invalid or less rigorous. According, for example, to , only three out of fourteen studies in the monetary asset demand literature since 1983 have addressed theoretical regularity issues. This neither meet the theoretical regularity conditions of neoclassical theory nor go with the economic reality, which attract the attention of many scholars. Chang and Serletis (2014) investigate the demand for gasoline in Canada using three of the most widely used locally flexible functional forms and impose local curvature to produce inference consistent with neoclassical microeconomic theory. Wolff and Heckelei(2010) extend upon a currently available estimation method for imposing curvature and monotonicity on flexible functional forms. However, they pay more attention to curvature and weaken other theoretical regularity, which is equally important. Therefore, we treat each regularity equally in order to be consistent with the neoclassical theory and the economic reality. And then, we use the data of road transport in China to do a simple example, having a deeper understanding of each regularity.
The rest of the paper is organized as follows. Section 2 provides the theoretical regularity. Section 3 follows the demand systems approach and discusses three flexible functional forms, paying attention to the imposition and test of regularity. Section 4 discusses the data and related econometric issues and Section 5 presents the empirical results. The final section concludes the paper.
Theoretical regularity
Consumer demand economic theory assumes that consumer behavior is rational that consumers is in the pursuit of the maximum utility. Specifically, consumers will select a certain number of combinations of goods and services, so that can maximize the utility he gets from the consumption of goods and services. Most demand system is derived from the utility maximization or cost minimization. According to the utility, cost function and the duality theory, such a demand system has some special properties ( adding-up, homogeneity, symmetry and negativity ) and mathematical expression is used to reflect the constraints and assumptions of demand system equation. The adding-up stems from budget constraint and requires the value of Marshallian demand or Hicks demand equals the total expenditure. Adding-up will be satisfied if
where q i (y, p) is the Marshallian demand function. h i (u, p) is the Hicks demand function. y is the total expenditure. p is a vector of price and w i is the share of expenditure.
Homogeneity is also stems from budget constraint and means that consumer decisions depends on the changes in real income and relative prices. Homogeneity will be satisfied if
Symmetry stems from cost function and requires cross-price derivative of Hicks demand function equal.
Negativity stems from concave cost function and requires that the Hessian matrix of the cost function, H, is negative semidefinite. It also means that own-price elasticity of Hicks demand is not positive.
In addition, as required by neoclassical microeconomics theory, the usefulness of flexible functional forms depends on whether they satisfy the theoretical regularity conditions of positivity, monotonicity, and curvature. In fact, as Barnett (2002) put it, without satisfaction all theoretical regularity conditions, 'the second-order conditions for optimizing behavior fail, and duality theory fails. The resulting first-order conditions, demand functions, and supply functions become invalid.' Positivity requires that the estimated cost be positive for all the data observations. More formally, positivity will be satisfied if the estimated cost is positive,
Monotonicity requires that the first-order derivatives of the cost function be nonnegative. Monotonicity is satisfied if the estimated shares are positive,
Curvature requires that the cost function be a concave function of prices or, equivalently, that the Hessian matrix of the cost function, H , be negative semidefinite. Curvature is satisfied if the Hessian matrix
In summary, when we use the flexible functional forms to study consumer demand, we should test or impose the theoretical regularity conditions: positivity, monotonicity, curvature, adding-up, homogeneity and symmetry ( the negativity is equivalent to curvature ). It should be noted that regularity should not be treated as being equivalent to curvature alone, instead, it includes all the conditions above. The theoretical regularity can be imposed or tested. In generally, positivity and monotonicity are satisfied automatically. Adding-up, homogeneity and symmetry are imposed before the parameters estimation. Curvature( or negativity) can be imposed or tested. In particular, Ryan and Wales (1998) , drawing on related work by Lau (1978) and Diewert and Wales (1987) , suggest a procedure for imposing local curvature conditions and apply their procedure to three locally flexible functional forms: the Almost Ideal Demand System (AIDS), the normalized quadratic (NQ), and the linear translog. Also, Moschini (1999) suggests a possible reparametrization of the basic translog of Christensen et al.(1975) to overcome some problems noted by Ryan and Wales(1998) and imposes curvature conditions locally in the basic translog. More recently, Serletis and Shahmoradi (2007) impose curvature conditions locally on the generalized Leontief model, and Chang and Serletis (2012) on the quadratic AIDS (QUAIDS). Also, Nana et al.(2014) impose curvature conditions on flexible functional forms for GNP functions approximated by a translog (TL) function. However, imposing the curvature condition more or less affect the flexibility of the model. A more prudent approach is to test it. In this paper, we test the positivity, monotonicity, curvature and impose adding-up, homogeneity and symmetry.
Demand systems
The demand systems approach allows us to estimate the consumer demand in a systems framework, which involves estimating the parameters of an aggregator function: a profit, expenditure or utility function. Let us assume that the consumer preferences is weak separability, which means that the estimated goods are a group separable from consumption goods. And then, the representative consumer has the following utility function:
where X is a vector of estimated goods, Z is a vector of consumption goods outside the estimated goods and f(X) is a aggregator function over estimated goods. At the same time, the consumer faces to a budget constrain:
where P refers to the vector of prices of the estimated goods, Q refers to the vector of prices of the consumption goods outside the estimated goods, m is total expenditure.
The assumption of weak separability means that
That is, the marginal rate of substitution between any two components of X does not depend upon the values of Z , meaning that the demand for estimated goods is indepen-dent of relative prices outside the estimated goods.
Under the weak separability assumption, we will focus on the details of the demand for estimated goods, ignoring other types of goods, in the context of the following problem:
where X is the vector of estimated goods. P is the corresponding vector of prices, and y is the total expenditure on estimated goods. The consumer demand system models can be divided into two types. The first type models derive from the specific algebraic function. The second type models are based on the utility function or cost function. In this section we briefly discuss three flexible functional forms. They are the Rotterdam model of Theil (1965) and Barten (1964) , belonging to the first type model, the Almost Ideal Demand System (AIDS) of Deaton and Muellbauer ( 1980a, 1980b ) , belonging to the second type model, and the quadratic AIDS (QUAIDS) of Banks et al. (1997) , belonging to the second type model.
The Rotterdam model
The Rotterdam model is first proposed by Theil(1965) and Barten(1964) and is called, after their domicile. Taylor Theorem is the basis of the Rotterdam model. They assume that the structure of demand models can be reflected by the First Order Approximation of the Taylor Theorem. Double-log function form is the jumping-off point of the model.
where q i refers to the quantity of the goods. p k refers to the prices of the goods. y refers to the total expenditure on goods. e i and e ik are expenditure elasticity and price elasticity of Marshall demand, respectively. And then, totally differentiates the equation 5:
According to the Slutsky function, equation 6 becomes:
where θ ik indicates the price elasticity of Hicks demand. Then multiply each term by w i , which means the expenditure share of the i th good, and simplify:
where
Some restriction from neoclassical demand theory can be imposed on the parameters of the model. The adding-up restriction is given by
The Slutsky symmetry condition is given by γ ik = γ ki . However, the positivity, monotonicity and negativity need to be tested. According to Deaton and Mullebauer(1980b) , since all prices are positive, γ will be negative semidefinite if and only if S is negative semidefinite. Consequently, symmetry and negativity of S can be tested by testing the same restrictions on γ. (Note,s ij =
If the eigenvalues of the matrix γ are all 0 or smaller, the model satisfy the negativity condition.
The expenditure elasticity is defined as:
and the compensated price elasticity is given by:
The Almost Ideal Demand System
The AIDS can be derived from the following indirect utility function:
where y is the total expenditure, k=1,2,...,n means the number of goods,p is the vector of prices:
where α , β and γ are parameters. Solving for ln y yields the AIDS cost function, as in Deaton and Muellbauer (1980a,1980b) :
and
Applying Roy's identity to the indirect utility function (14), or Shephard's lemma to the cost function (16), we obtain the AIDS in budget share form:
whereγ ij = 1 2 (γ * ij + γ * ji ) Economic theory imposes several restrictions on the parameters of the AIDS. In particular, symmetry requires γ ij = γ ji for all i, j. The adding-up condition requires
The homogeneity condition is imposed as n j=1 γ ij = 0. However, the positivity, monotonicity and negativity also need to be tested. Deaton and Muellbauer (1980a, 1980b) suggest that use k ij = p i p j s ij /x to test the negativity. The specific value is:
) − w i δ ij + w i w j , where δ = 1 if i = j, and 0 otherwise. If the eigenvalues of the matrix K are all 0 or smaller, the model satisfy the negativity condition.
and the uncompensated price elasticity is given by:
The Quadratic Almost Ideal Demand System
According to Banks et al. (1997) , the QUAIDS has the following indirect utility function:
where y is total expenditure, p is the vector of prices, a(p) is a differentiable, homogeneous function of degree one in prices, and λ(p) and b(p) are differentiable, homogeneous functions of degree zero in prices. In fact, λ(p) takes the form
and k = 1, 2, ..., n denotes the number of goods.
The specifications of a(p) and b(p) in (21) are similar to those in the AIDS of Deaton and Muellbauer (1980a,1980b) . They are sufficiently flexible to represent any arbitrary set of first and second derivatives of the cost function, as follows:
Solving for ln y, yields the QUAIDS cost function
Applying Shephard's lemma to the cost function (22) or Roy's identity to the indirect utility function (21) yields the QUAIDS share equation:
where w i is the ith budget share and α , β , γ and λ are parameters. By setting λ i = 0(i = 1, 2, ..., n),equation (23) reduces to the AIDS share equation.
Economic theory imposes several restrictions on the parameters of the model. In particular, symmetry requires γ ij = γ ji for all i, j. The adding-up condition requires
The homogeneity condition can be imposed as n j=1 γ ij = 0. However, the positivity, monotonicity and negativity also need to be tested. Banks, Blundell and Lewbel (1997) suggest that assess the negativity conditions by examining the matrix with elements w i e c ij , which should be symmetric and negative semidefinite in general, where e c ij is the compensated price elasticity. If the eigenvalues of the matrix are all 0 or smaller, the model satisfy the negativity condition.
where δ = 1 if i = j, and 0 otherwise.
Econometric issues and data
In this section,we use three flexible functional forms, the Rotterdam, AIDS and QUAIDS model to investigate the demand for road transport in China in a systems framework.
We pay more attention to theoretical regularity and argue that, unless regularity is attained by luck, flexible functional forms should always be estimated subject to regularity and all regularity conditions are equally important. In doing so, we impose the addingup, homogeneity and symmetry conditions on the three models and test the positivity, monotonicity and negativity conditions. And then, select the appropriate model. Only in this way, the result of parameter and elasticities estimation is meaningful and can produce inference consistent with neoclassical microeconomic theory.
Firstly, considering the availability of data, we define the transportation goods in this paper. The private transportation includes Mini passenger vehicles and small passenger vehicles. The local transportation includes Public buses and taxi. The intercity transportation includes medium passenger vehicles and large passenger vehicles. And our underlying assumption is that individuals with similar geographical characteristics have similar decision-making behaviors on their expenditures. Thus we use the panel data in 31 provinces in mainland China from 2002 to 2014. We use the following function to calculate annual expenditure data.
where Q refers to the quantity of the vehicle and the panel data are from the National Bureau of Statistics of China. VMT means the annual average vehicle mileage traveled, which is closely related to the economic growth level and road traffic infrastructure (Huo et al.,2012a) , and some studies and estimates on China's VMT data can be seen in He et al.(2005) and Huo et al.(2012a) . Considering the regional differences and availability of the data, we use the national average VMT data in 2002 as baseline data. Then, by using the 31 provincial average passenger transport distances, we estimate the provincial annual average VMT data for each transportation goods from 2002 to 2014. Our VMT estimates are supported by many survey papers and empirical studies in existing literatures (please see table 2), indicating that our estimated results are reasonably acceptable. FE denotes the fuel economy and the data are from the previous literatures (please see table 2). P means the China's provincial gasoline and diesel annual average retail prices and the data are from the journal China Petroleum and Chemical Industry and the journal International Petroleum Economics. The associated prices for these expenditure categories are normalized (with last year=100) annual consumer price indices from the National Bureau of Statistics of China. Huo et al.(2012a) . b Unit:L/100km. The fuel economy:MNPV ),SPV and MPV (Huo et al.(2012b) ),LPV ),PB (Shen et al.(2014) ),Taxi (Hu et al.(2012) ).
Empirical evidence
In this study, we use three flexible function forms, the Rotterdam model, the AIDS and QUAIDS model to investigate the demand for road transportation in a systems framework. We pay explicit attention to theoretical regularity and argue that, unless regularity is attained by luck, flexible functional forms should always be estimated subject to regularity and all regularity conditions are equally important.
Parameter estimates
We estimate the parameters by using Zellner's seemingly unrelated regression in the Rotterdam model and nonlinear seemingly unrelated regression in the AIDS and QUAIDS model. In addition, we impose the adding-up, homogeneity and symmetry condition on the parameters of the three models, and then, test the negativity, positivity and monotonicity conditions, considering that imposing the conditions in advance would restrict the flexibility of the models. Finally, since the budget shares sum to 1, the disturbance covariance matrix is singular. To address the issue, we follow Barten(1969) and drop the last equation in each model. Table 3 contain a summary of results from the Rotterdam, the AIDS and QUAIDS models in terms of parameter estimates. Because regularity has not been attained (by luck), we estimate the models by imposing adding-up, homogeneity and symmetry condition using the methodology discussed in Section 3. As can be seen in Table 3 , the results satisfy the three conditions, but the negativity, positivity and monotonicity would be tested. And then, the standard error indicates that the parameters estimating are significant.
Road transportation demand elasticities
In the demand systems approach to estimation of economic relationships, the primary interest, especially in policy analysis, is in how the arguments of the underlying function affect the quantities demanded. This is conventionally completely expressed in terms of expenditure and price elasticities. We report the expenditure and own-and cross-price elasticities (evaluated at the mean of the data) in Table 4 with standard error in parentheses, using the Delta method to calculate. All road transportation demand elasticities are estimated on the basis of parameter estimates and sample means of explanatory variables.
In Table 4 , we show the expenditure elasticities, the uncompensated own-and crossprice elasticities and compensated own-and cross-price elasticities for each of the three transportation goods,using three models. At this time, we do not know whether these three models meet the negativity condition. So, we take the negativity test for these three models, using the methods in Section 3. For the Rotterdam model, the matrix γ is 
And the eigenvalues of the matrix are 6.254e-06, -0.0384866 and -0.52253564. The first eigenvalue is greater than 0. Therefore, the QUAIDS model does not satisfy the negativity condition, indicating that the results of parameters and elasticities in the QUAIDS model become invalid.
In this paper, the adding-up, homogeneity and symmetry conditions are imposed in all models, implying that all models satisfy the three conditions. And then, we test the positivity, monotonicity and negativity condition of the three models, finding that the three models are all satisfy the positivity and monotonicity, but only the AIDS model satisfy the negativity condition (see Table 5 ). This means that only the AIDS model satisfy all theoretical regularity conditions, indicating that the results of parameters and elasticities in the AIDS model make sense.
3 And the results of AIDS elasticities estimates are reported in the Table 6 . Table 5 The theoretical regularity of three models Regularity Positivity Monotonicity Curvature Adding-up Homogeneity Symmetry The Rotterdam model
As expected, all the expenditure elasticities, e 1 , e 2 , and e 3 , are positive, implying that private transportation, local transportation and intercity transportation are all normal goods for consumers. Especially, the value of e 1 is greater than 1, implying that the private transportation is a luxury among the transportation goods. According to the Traffic Management Bureau in the Ministry of Public Security, by the end of 2015, the national average of 31 per 100 households have private cars. The rate of private cars is relatively low and most people can not afford the private cars. Correspondingly, the value of e 2 and e 3 is larger than 0 and smaller than 1, which means that the local and intercity transportation are all necessities. National Bureau of Statistics of China data show that since 2003, the investment in road transportation increased by 6 times to 2451.316 billion RMB yuan. More importantly, the government continue to increase investment in public transport infrastructure. As a result, the total road mileages and ii ) are all negative(as predicted by the theory), with their compensated own-price elasticities being less than 1, which indicates that the demand for all three types of transportation are inelastic for the consumers. However, the uncompensated own-price elasticities are all greater than the compensated own-price elasticities. This is because the uncompensated price elasticities describe the total effect of price change and the compensated price elasticities only describe the substitution effect. In particular, the value of e u 11 is greater than 1, which means that the demand for the private transportation is elastic. As can be seen in the Table 5 , the absolute value of the uncompensated own-price elasticity of the private transportation is the largest among all three types of transport goods, along with the uncompensated own-price of the local transportation has the smallest value. In general, the cost of the local transportation is lowest among all three types of transport goods, accounting for a relatively small proportion of daily expenses. As a result, the residents are relatively insensitive to changes in prices. On the contrary, the private transportation is relatively expensive and need to burden some additional costs, for example, the costs of traffic jams, which account for a relatively large proportion of daily expenses. Therefore, when rise the fuel prices or tax, there will be a significant reduction of demand of the private transporta-tion.
According to Nicholson(2011) , the homogeneity and the negativity of the demand function imply that, any kind of items, at least, is a net substitute for another kind of items. The net substitute is defined that the rising in price of goods k leads to the decline of the compensated demand of goods j. Namely, the goods k and goods j is a net substitute. And the the gross substitute and complement mainly depends on the uncompensated price elasticities. One undesirable characteristic of the gross definitions of substitutes and complements is that they are not symmetric. It is possible for x 1 to be a substitute for x 2 and at the same time for x 2 to be a complement of x 1 .
Regarding the uncompensated cross-price elasticities (e u ij ), we see that all of that are negative except the e u 31 , implying that the private and the local transportation, the local and intercity transportation are gross complements. Note that the e u 13 is also negative, which reflect the asymmetry of the gross definitions. This means that the private transportation to be a substitute for the intercity transportation and at the same time for the intercity transportation to be a complement of the private transportation. With the development of economy and the improvement of living standard and urbanization level, the private transportation has become a fashion choice for residents to travel. What's more, a considerable part of the consumers of the intercity traffic is the migrant workers, who may be more likely to choose the private transportation for the convenience when they return hometown. And there may be a part of psychological factors to prompt them to choose the private transportation. In addition, short-haul travelers or business people may be more inclined to choose the private transportation, considering the comfort, convenience and efficiency of the private transportation. However, a part of the people choose the intercity transportation due to a variety of reasons, for example, big cost of the private transportation, without driver's licences and so on.
Finally, given the nature of our data, it should be noted that the obtained elasticities represent long-run responses rather than short-run behavior.
Conclusion
Most published studies that use flexible functional forms have ignored the theoretical regularity conditions implied by microeconomic theories. Moreover, even a few studies have checked and/or imposed regularity conditions, most of them equate curvature alone with regularity, thus ignoring or minimizing the importance of monotonicity, positivity, adding-up, homogeneity and symmetry. We argue that without satisfaction all theoretical regularity conditions (positivity, monotonicity, curvature,adding-up, homogeneity and symmetry), the resulting inferences are questionable, since violations of regularity conditions invalidate the duality theory on which economic functions are based. We believe that unless regularity is attained by luck, flexible functional forms should always be estimated subject to regularity and all regularity conditions are equally important. In this paper, we provide an empirical selection of three most widely used flexible demand system functional forms: The Rotterdam model, AIDS and QUAIDS model. We pay explicit attention to theoretical regularity. And then, apply the suitable to investigate the demand for road transportation in China using the panel data in 31 provinces in mainland China from 2002 to 2014, over a 13-year period, on three expenditure categories in the transportation goods: the private, local and the intercity transportation.
In doing so, We impose the adding-up, homogeneity and symmetry conditions on the three models,and then, test the negativity, monotonicity and positivity conditions, in order to protect the flexibility of the models. Our findings in terms of negativity are disappointing in the case of the Rotterdam and QUAIDS models. The results of parameters and elasticities in the Rotterdam and QUAIDS models become invalid. The empirical results show that the AIDS is the only model that is able to provide inferences about the demand for road transportation in China that are consistent with neoclassical microeconomic theory.
Based on the AIDS model, our estimates of the expenditure elasticities are positive. And the value of e 1 is greater than 1, implying that the private transportation is a luxury among the transportation goods. The own-price elasticities are all negative. In particular, the value of e u 11 is greater than 1, which means that the residents are relatively sensitive to changes in prices of the private transportation. The result of the crosselasticities show that the private and the local transportation, the local and intercity transportation are gross complements. However, the private transportation is a substitute for the intercity transportation, while the intercity transportation is a complement of the private transportation.
Based on our evidence, in order to achieve the China's commitment of greenhouse gases emissions to peak by 2030, in the transport field, the China government should make different policies according to the transport goods. In concrete terms, the expenditure and price elasticities of demand for the private transportation are all greater than 1, implying that the magnitude of the change in demand is greater than the magnitude of changes in expenditure and price changes with other conditions unchanged. This means that reducing spending or raising price can effectively reduce demand for the private transportation, having a favorable impact on environment and residents' health (for example, individual income tax on personal income, Restrictions for purchasing or driving, fuel tax on the private vehicles, and so on). However, it will cause some negative impact on the economy. Therefore, the government should weigh its advantages against its disadvantages before the policy is made. It is a remarkable fact that price and expenditure of the demand for the local and intercity transportation are all inelastic, indicating that the consumer of the local and intercity transportation is not sensitive to price or expenditure changes. The results show that raising price in the local or intercity transportation does not effectively reduce demand. For example, the public transport in Beijing raised price in 2014. The measures improve the residents' travel expenses, but does not reduce the demand. This may affect the welfare of the residents to a certain extent. In summary, the traffic policy should be adjusted according to transport goods. Policy makers need to set clear goals and weigh the pros and cons before making a policy.
